During pathogen exposure or some forms of stress, proinflammatory processes induce an array of motivated and behavioral adjustments termed ''sickness behaviors''. Although withdrawal from social interactions is a commonly observed sickness behavior, the relation between social behavior and sickness is much more complex. Sickness can suppress or stimulate social behavior. Sickness can serve as a social cue. Stressors that are social in nature can induce sickness behaviors, and sickness behavior can be readily suppressed by meaningful social stimuli. The nature, context, and timing of these effects together suggest that cytokine-induced behavior may play a role in mediating social interactions in various non-pathological conditions.
Introduction
The acute phase response, or ''sickness'', refers to an initial response of the innate immune system to a broad range of potentially infectious agents. It comprises a systemic inflammatory reaction mediated by proinflammatory factors such as the cytokines Interleukin-1 (IL-1), IL-6, and tumor necrosis factor alpha (TNFa). ''Sickness behavior'' is the term used to describe an array of behaviors exhibited as part of the acute phase response. Sickness behaviors include inactivity, lethargy, disinterest in surroundings, reduced intake of food and water, sleepiness, a hunched or curled body posture, shivering, piloerection, and cognitive impairment (Hart, 1988; Kelley et al., 2003) . Rather than simple debilitating effects due to the action of a replicating pathogen, sickness behaviors are considered to be motivated responses induced by proinflammatory cytokines. In other words, cytokines are thought to engender a central state that organizes perception and action to serve adaptive functions related to recuperation (Aubert, 1999) . Many sickness behaviors support fever either by increasing, or slowing the loss of, body temperature (e.g., shivering, hunched posture) or by conserving energy needed for thermogenesis (e.g., inactivity, sleepiness). Fever, in turn, is a key response in promoting recovery.
Whereas there is still debate about the specific function of all sickness responses (e.g., cognitive impairment), sickness behaviors are considered highly adaptive and to have evolved as one component of the innate immune system's first line of defense. The specific behaviors exhibited by particular species may vary, but sickness behaviors appear to be nearly universal among vertebrates (Hart, 1988) .
Although originally conceptualized as pathogen-induced, it has since become clear that some stressors can also induce components of the acute phase response, including sickness behaviors (Maier and Watkins, 1998) . Much of the current literature on stress-induced sickness behavior focuses on how enhanced proinflammatory signaling triggered by stress might promote the development of depression. Indeed, the study of stress-induced sickness behavior may serve as a useful model for this purpose. Yet, sickness behavior is fundamentally an adaptive response. The specific adaptive benefit of sickness behaviors can be more difficult to discern when occurring in the context of stress rather than sickness, but some functions, most notably conserving energy, are relevant to both conditions. Indeed, increased energy demand during both stress and sickness, together with the capacity of sickness behaviors to conserve energy, may help explain the occurrence of these responses in both situations (Maier and Watkins, 1998) .
Evidence indicates that centrally acting cytokines are responsible for both pathogen-induced and stress-induced sickness behavior. Cytokines expressed peripherally in response to a
